INTRODUCTION
Sediments were pelleted from each water sample by centrifugation of 2,000 mL of sample 120 for 30 min in 5,000 g. Pellets were stored overnight in -20 ˚C before subsequent DNA extraction. DNA 121 was extracted from the pellets accumulated from the water samples with the FastDNA SPIN Kit for Soil 122 and the FastPrep Instrument (MP Biomedicals). Extracted DNA was stored in -20 ˚C before subsequent 123
analyses. 124

Quantification of 16S rRNA genes, ARGs and intI1 125
Quantitative real-time PCR was used for gene quantification on the DNA extracted from 126 the samples. The genes which were quantified were sulI (sulphonamide resistance gene), dfr1 127 (trimethoprim resistance gene), ermB (macrolide/lincosamide/streptogramin B resistance gene), tetA and 128 tetB (tetracycline resistance genes), vanB (vancomycin resistance gene), qnrS (quinolone resistance gene) 129 and intI1, the integrase gene on class 1 integrons. 16S rRNA gene content was quantified and used to 130 normalise the quantified number of genes in each sample. All PCRs were carried out on a CFX96™ Real-131
Time PCR Detection System (Bio-Rad Laboratories). Quantification method, primers, primer 132 concentrations and thermal cycling protocols for each gene were used as described in Berglund et al. [17] . 133
Antibiotic quantification 134
Antibiotic concentrations in the water samples were determined by chemical analysis using 135 an in-line SPE column coupled to liquid chromatography-tandem mass spectrometry, as described in Khan 136 et al. [6] . In short, a triple stage quadrupole MS/MS TSQ Quantum ULTRA EMR (Thermo Fisher 137 Scientific) coupled with an Accela and a Surveyor LC Pump (Thermo Fisher Scientific) and a PAL HTC 138 autosampler (CTC Analytics AG) were used as analytical system. 139
Statistical analysis 140
A Friedman test followed by a Dunn's Multiple Comparisons test was used to assess 141 differences in ARG gene concentrations between the different sampling locations. t-tests using Welch'scorrection were used to assess differences in concentration of specific genes between sites upstream and 143 downstream of the WWTP. All statistical analyses were carried out using Prism 5 for Windows v.5.00. 144
RESULTS
145
Quantification of antibiotic resistance genes 146
ARGs were detected and quantified in water samples taken from all sampling points at all 147 sampling times ( Figure 1 ). Overall, ARG concentrations were lower at the upstream sites R1 and R2, than 148 at the site R3, downstream of the WWTP (p < 0.01 and p < 0.001 respectively). The ARGs which were 149 found in the highest concentrations were sulI, tetA and ermB. Concentrations of ermB were significantly 150 higher downstream than upstream of the WWTP (p < 0.01), whereas concentrations of sulI and tetA were 151 more than ten times higher downstream compared to upstream of the WWTP (p < 0.01). ARGs tetB, dfr1 152 and vanB were found in comparatively lower concentrations, particularly at the upstream sites at which 153 tetB and dfr1 were detected below the quantification limit. vanB was only detected at one time point 154 among the upstream sampling locations. ARG qnrS was not detected at any sampling location. All ARGs 155 (except qnrS) were detected and quantified in the WWTP effluent at concentrations at similar levels as in 156 the downstream sites. 157
The integrase gene intI1 was detected and quantified in all samples ( Figure 1) . 158
Concentrations were significantly higher downstream of the WWTP than upstream (p < 0.001). In general, 159 intI1 concentrations at the downstream sites were higher by approximately one order of magnitude 160 (around 10 4 genes / 10 6 16S rDNA copies for the upstream sites and 10 5 genes / 10 6 16S rDNA copies for 161 the downstream sites). intI1 concentrations in the WWTP effluent were of similar magnitude to the 162 concentrations found at the downstream sites. 163
Quantification of antibiotics and other pharmaceuticals
Antibiotics were quantified in the downstream locations and in the wastewater effluent 165 (Figure 2) . CIP, CLA and CLI were quantified at concentrations close to the detection limit in the treated 166 wastewater effluent (10, 3 and 3 ng/L, respectively) while the average concentration of TRI was 24 ng/L, 167 about an order of magnitude higher than the detection limit (3 ng/L). At the downstream sites, CLA, CLI 168 and TRI were found sporadically, at concentrations similar to those in the wastewater effluent. No 169 antibiotics were detected in any of the upstream sampling locations. NOR, OFX, OXY, ROX, SUL and 170 TET were not detected at any sampling location. 171
Additionally, 83 non-antibiotic pharmaceuticals were analysed. Of these, only 19 were 172 detected, mostly in effluent and downstream sampling locations. Three were detected in upstream 173 sampling locations, very close to the detection limit (Supplemental Data, Table S1 ). 174
DISCUSSION
175
ARGs and integrons were quantified in sediments from Stångån River, Sweden, both 176 upstream and downstream of a WWTP receiving wastewater from the adjacent city Linköping. Both for 177 ARG abundance in general and when comparing abundances of specific genes, the locations downstream 178 of the WWTP displayed significantly higher abundance than upstream locations. The difference was most 179 pronounced for genes sulI and tetA. Several other studies have reported similar trends in ARG abundance 180 upstream and downstream of anthropogenic perturbations. In [6] , ARGs were quantified in river sediments 181 in a river upstream and downstream of a large Pakistani city. ARG concentrations were consistently 182 higher downstream than upstream. Abundances of sulI was approximately 10 3 genes / 10 6 16S rDNA 183 copies upstream and 10 5 genes / 10 6 16S rDNA copies downstream which is higher compared to this 184 study. The upstream abundances of tetA and dfr1 were not high enough to be detected, which can be 185 compared to the upstream abundances in this study in which dfr1 was detectable but not quantifiable and 186 tetA was found in the order of magnitude of 10 0 genes / 10 6 16S rDNA. The downstream abundances of 187 these genes in [6], were notably higher than compared to this study; with dfr1 being found atapproximately four orders of magnitude higher concentrations and tetA at almost two orders of magnitude 189 higher concentrations. The abundance of sulI in river sediments has been observed to increase in a river in 190 the United States, at a pristine site and downstream of a range of human activities [18] . Concentrations 191
increased from approximately 10 0 to 10 2 genes / 10 6 16S rDNA copies from the pristine site to the 192 perturbed sites, overall somewhat lower abundances than in this study. In studies have reported that human contamination increases the abundance of integrons [15, 16, 20] . In [6] , 203 intI abundances were reported to increase in river sediments as the river passed a large Pakistani city, 204 although concentrations were higher than in this study with downstream concentrations reaching as high 205 as 8×10
5 genes / 10 6 16S rDNA copies. 206
Antibiotics were not detected in the surface water at locations upstream of the WWTP. 207
However, antibiotics were detected in both wastewater effluent and in sample locations downstream of the 208 WWTP, although only four (CIP, CLA, CLI and TRI) of the ten analysed antibiotics, and at very low 209 concentrations. TRI, which was found at the highest concentrations, had a mean concentration (n=3) as 210 low as 38 ng/L (highest concentration quantified was 47 ng/L) in the effluent and 10 ng/L (n=3) in the 211 surface water. None of the other antibiotics quantifiable were found at concentrations above 20 ng/L. The 212 non-antibiotic pharmaceuticals analysed showed a similar trend to the antibiotics, the few pharmaceuticals 213 detected were quantified at low concentrations and only three were detected at the upstream locations. In 214
[21], minimum selective concentrations for test strains of bacteria were found to be 10 6 ng/L, 1.5×10 4 215 ng/L and 10 2 ng/L for streptomycin, TET and CIP respectively. This can be compared to this study, where 216 TET could not be detected with a detection limit at 20 ng/L, and CIP which was quantified at about half 217 the minimum selective concentration. In [17] , selection for ARGs could not be observed in a wetland 218 bacterial community when exposed to a mixture of antibiotics including concentrations of CLA, CLI and 219 TRI measured up to 250 ng/L, 66 ng/L and 420 ng/L, respectively. It may be reasonable to assume that the 220 low antibiotic concentrations measured in the effluent and downstream sites do not select for ARGs. 221
Consequently, the observed increase in ARG abundance from upstream to downstream sites likely stem 222 from the WWTP. The ARG abundances in the wastewater may originate either from selection in the 223 wastewater treatment process (e.g. due to exposure to antibiotics) or by accumulation of ARGs via the 224 received waste from the urban environment. 225
It should be noted that, since the antibiotics are measured in the water phase, the 226 concentrations represent only the concentrations in the water at the moment the samples were taken. As 227 such, sedentary bacteria on the examined sediments may be exposed to a range of antibiotic 228 concentrations well outside of the measured concentrations. The concentration of antibiotics in the 229 untreated wastewater is also likely higher than the concentration in the effluent. This could mean that the 230 bacteria in the WWTP are exposed to antibiotic concentrations higher than those measured in the effluent. 231
On the other hand, the measured genes include both extracellular DNA and genes within living bacteria. 232 Extracellular DNA can avoid environmental degradation by adhesion to sand and clay particles [22] . The 233
ARGs from extracellular DNA have been reported to be greater than ARGs from intracellular DNA in a 234
Chinese river basin [23] . In the case that a significant portion of the measured ARGs in the sediment are 235 extracellular, the concentration of antibiotics in the surrounding water may have little to no effect on the 236 selection and proliferation of ARGs. 
